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SYSTEMS AND METHODS FOR ANALYZING
CONTAMINANTS IN FLOWING
ATMOSPHERIC AIR

BACKGROUND

The exemplary embodiments described herein relate to
optical analysis systems and methods for flowing atmo-
spheric air and, in particular, to systems and methods for
analyzing contaminants present in flowing atmospheric air
using an integrated computational element.

Flowing atmospheric air (also referred to herein simply as
“flowing air’’), such as that produced by an air compressor,
1s used in various aspects of an o1l and gas application
including, for example, drying powder compositions (e.g.,
cements, weighting agents, proppant, and the like) to an
appropriate moisture content, supplying air to a clean room
environment for o1l and gas testing operations, supplying air
to a treatment fluid for use 1 dnlling, stimulation, and/or
other subterranean formation operations, and the like.

The presence of contaminants (e.g., liquid, gaseous, bio-
logical, and/or dry contaminants) in flowing air may
adversely afl

ect the ability of the flowing air to perform 1its
function (e.g., to remove moisture, to keep areas free of
impurities, and the like) or may adversely aflect the ability
of another composition (e.g., powder composition, treatment
fluid, and the like) to perform 1ts function. In such instances,
the presence of the contaminants may result 1n significant
delay and or expense in the form of operator time and/or
remedial measures of a subterranean formation operation or
related o1l and gas operation, whether in the field or labo-
ratory, for example, to remove the contaminant(s).

As an example, flowing atmospheric air may be used to
dry a cement composition used to form a cement column 1n
a wellbore 1n a subterranean formation. The presence of
contaminants introduced into the cement composition from
the flowing air may result 1n a loss of structural integrity to
the later set cement, such as by preventing complete cement
hydration, permitting other fluids (e.g., formation fluids, for
example) to permeate into the sealing or set cement, and the
like. In such 1nstances, the set cement may be incapable of
providing zonal 1solation, preventing casing collapse and/or
stuck pipe, plugging a wellbore, and/or other functionalities
the set cement 1s intended to perform. Accordingly, the
presence ol such contaminants may be particularly detri-
mental to a particular operation 1 a cement composition
includes one or more contaminants i1n an unacceptable
amount, and the resultant set cement may require costly,
time-consuming remedial measures.

BRIEF DESCRIPTION OF THE

DRAWINGS

The following figures are included to 1llustrate certain
aspects of the exemplary embodiments described herein, and
should not be viewed as exclusive embodiments. The subject
matter disclosed 1s capable of considerable modifications,
alterations, combinations, and equivalents 1n form and func-
tion, as will occur to those skilled 1n the art and having the
benefit of this disclosure.

FIG. 1 illustrates an exemplary integrated computation
clement, according to one or more embodiments described
herein.

FIG. 2 1llustrates a block diagram non-mechanistically
illustrating how an optical computing device distinguishes
clectromagnetic radiation related to a characteristic of 1nter-
est from other electromagnetic radiation, according to one or
more embodiments described herein.
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FIG. 3 illustrates an exemplary system for detecting a
contaminant in flowing atmospheric air, according to one or

more embodiments.

FIG. 4 1llustrates another exemplary system for detecting
a contaminant in flowing atmospheric air, according to one
or more embodiments.

FIG. 5 illustrates a schematic of illustrative arrays of
integrated computational elements.

FIG. 6 illustrates a powder composition process tlow that
may utilize one or more exemplary systems for detecting a
contaminant in flowing atmospheric air used as part of the
process flow.

DETAILED DESCRIPTION

The exemplary embodiments described herein relate to
optical analysis systems and methods for flowing atmo-
spheric air and, in particular, to systems and methods for
analyzing contaminants present in flowing atmospheric air
using an integrated computational element.

The exemplary systems and methods described herein
employ various configurations of optical computing devices,
also commonly referred to as “opticoanalytical devices,” for
the rapid analysis of contaminants 1n flowing atmospheric
air. The disclosed systems and methods may be suitable for
use 1n the o1l and gas industry since the described optical
computing devices provide a cost-eflective, rugged, and
accurate means for 1dentifying one or more contaminants in
flowing air 1n order to facilitate o1l and gas production and/or
safety of o1l and gas wells. It will be appreciated, however,
that the various disclosed systems and methods are equally
applicable to other technology fields including, but not
limited to, the food and drug industry, industrial applica-
tions, mining industries, or any field where 1t may be
advantageous to determine 1n real-time or near real-time a
characteristic of a contaminant 1n flowing atmospheric air.
As used herein, the term “flowing™ refers to circulation or
movement ol air with reference to the optical computing
devices disclosed herein. That 1s, the flowing air itself may
be moving. As used herein, the term “atmospheric,” used
interchangeably with “air,” refers to atmospheric gases
surrounding Earth, typically composed primary of nitrogen,
oxygen, argon, and carbon dioxide, among other gases and
liquid components (e.g., water vapor).

One or more illustrative embodiments incorporating the
disclosure herein are presented below. Not all features of an
actual implementation are described or shown 1n this appli-
cation for the sake of clarity. It is to be understood that 1n the
development of an actual embodiment incorporating the
present disclosure, numerous 1mplementation-specific deci-
sions must be made to achieve the developer’s goals, such
as compliance with system-related, business-related, gov-
ernment-related and other constraints, which may vary by
implementation and from time to time. While a developer’s
cllorts might be complex and time-consuming, such eflorts
would be, nevertheless, a routine undertaking for one having
ordinary skill in the art and the benefit of this disclosure.

Unlike conventional spectroscopic instruments, which
produce a spectrum needing further interpretation to obtain
a result, the ultimate output of optical computing devices
described herein 1s a real number that can be correlated 1n
some manner with a contaminant 1n flowing atmospheric air.
In addition, significant benefits may be realized by combin-
ing the outputs from two or more integrated computational
elements with one another, as will be further described
below, even when analyzing for a contaminant. Specifically,
in some instances, significantly increased detection accuracy
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may be realized. Any of the methods described herein may
be carried out by combining the outputs of two or more
integrated computational elements with one another. The
integrated computational elements whose outputs are being
combined may be associated or disassociated with a char-
acteristic of interest, display a positive or negative response
when analyzing the characteristic of interest, or any com-
bination thereof.

As alluded to above, the operational simplicity of optical
computing devices makes them rugged and well suited for
field or process environments, including deployment within
a subterranean formation. For example, the optical comput-
ing devices described herein may analyze fluids commonly
encountered in the o1l and gas industry, imncluding while
deployed within a subterranean formation.

The optical computing devices disclosed herein, which
are described in more detaill below, can advantageously
provide rapid analysis of the presence of a contaminant in
flowing atmospheric air. Such flowing air may be analyzed
at various stages 1n an o1l/gas application, such as at 1n an air
line extending from an air compressor. As used herein, the
term “‘air line” refers to a housing, either rigid or tlexible,
that includes flowing air, without restriction to size and
shape. Such air lines may be air ducts, plastic or metal
piping, tubulars, air classification devices, and the like. Such
air lines may be used during various operations, such as
during pneumatic conveyance, mixing, separating, or drying
ol powder compositions (e.g., cements), for use 1n a clean
room, for use in foaming treatment fluids, or any other o1l
and gas operation requiring an atmospheric air source.

As described above, flowing atmospheric air for use 1n
subterrancan formation operations may contain contami-
nants that exceed a particular acceptable limit and which
contribute to contamination and poor eflectiveness ol down-
stream operations or compositions. The optical computing
devices disclosed heremn may provide rapid analysis of
contaminants 1n tlowing air with minimal sample prep, i1f
any. Indeed, the optical computing devices disclosed herein
may be used with already existent equipment configurations
because they are small, mountable, and relatively mexpen-
sive. They may be used 1n field-applications and not just 1n
a laboratory setting. For example, optical computing devices
may be mounted 1 an air line connected to a powder
composition (e.g., cement or proppant) storage and mixing
tank, and may analyze the flowing atmospheric air 1n the air
line as 1t flows past the optical computing devices and detect
the presence of any contaminants prior to the air reaching the
powder composition. The optical computing device may
also be mounted in line with an air filter or other purification
equipment 1n the air line that receives or emits the tlowing
atmospheric air. One or more measurements may be taken
by a particular optical computing device and/or one or more
optical computing devices may be used for analyzing the
flowing atmospheric air described herein.

A significant and distinct advantage of the optical com-
puting devices disclosed herein 1s that they can be config-
ured to specifically detect and/or measure a contaminant in
flowing atmospheric air, thereby allowing qualitative and/or
quantitative analyses ol the contaminant to occur without
having to undertake a time-consuming sample processing
procedure. With rapid analyses capabilities on hand, the
exemplary systems and methods described herein may be
able to determine the percentage of a contaminant in tlowing
air so that an operator may determine whether the contami-
nant 1s within a particular acceptable limit range. If the
contaminant 1s outside of the acceptable limit range (typi-
cally too high), then the particular operation may be stalled

10

15

20

25

30

35

40

45

50

55

60

65

4

and the air line through which the tlowing air 1s flowing
cleaned or otherwise replaced and reanalyzed to ensure that
the flowing air does not include unacceptable levels of
contaminant(s). The use of the optical computational
devices to detect the contaminant(s) in the flowing air may
turther be beneficial to allow for the collection and archival
of imnformation relating to contaminants of flowing air for
particular operations, 1n conjunction with operational 1nfor-
mation, to optimize subsequent operations, and the like (e.g.,
to determine acceptable contaminant levels, and the like).

The optical computing devices described herein may be
used to detect one or more characteristic of a contaminant of
flowing atmospheric air. As used herein, the term “‘charac-
teristic” refers to a chemical, mechanical, or physical prop-
erty (quantitative or qualitative) of a matenal of interest
(c.g., a contaminant). As used herein, the term “analyte”
refers to a chemical component. Illustrative characteristics
of a material of interest that can be monitored using the
computing devices disclosed herein may include, but are not
limited to, chemical composition (e.g., identity and concen-
tration in total or of individual analytes of a contaminant),
impurity content (e.g., based on known composition or
amount ol non-contaminants), concentration, viscosity, den-
sity, opacity, color, refractive index, liquid content, oxida-
tion state, particle size, pH, salinity, total dissolved solids,
and the like. Certain characteristics may be more desirable
for use depending on the particular material of interest. For
example, when the material of interest 1s an aqueous fluid
(e.g., water vapor 1n flowing air), pH, total dissolved solids,
and/or salinity may be desired characteristics ol interest,
among others. Moreover, the phrase “characteristic of inter-
est” may be used herein to refer to a characteristic of a
material of interest.

Analytes corresponding to contamination in the flowing
atmospheric air of the embodiments of the present disclosure
may be included therein as a result of various manufacturing
processes, improper handling (e.g. air storage or compressor
storage conditions), equipment malfunction or wear (e.g.,
from the air compressor 1tself, such as leakage of lubricants
from an air compressor into the air line, and the like), or
natural occurrence (e.g., o1l contamination in atmospheric
air due to exhaust from vehicles, industrial processes, and
the like), and the like. Examples of analyte contaminants
within flowing atmospheric air according to one or more
embodiments of the present disclosure may include, but are
not lmmited to, an aqueous liquid, an orgamic liquid, a
carbonic acid, a gas, a dry contaminant, a biological con-
taminant, and any combination thereof. Combinations may
include mixtures of liquid contaminants (e.g. emulsions),
chemical bonds between a liquid and dry contaminant,
adsorption of liquid or gas contaminants onto a dry con-
taminant, and the like. The term “dry contaminant™ refers to
a dry particulate, without being limited by size or shape or
porosity.

Specific examples of analyte contaminants that may be
detected using the methods of the present disclosure 1n
flowing atmospheric air may include, but are not limited to,
liguid oi1l, o1l aerosols, o1l vapor, rust atmospheric dirt,
microorganisms, pipescale, and the like, and any combina-
tion thereof.

Examples of organic liquid contaminants that may be
present 1n the flowing atmospheric air and detected as
analytes using the optical computational devices described
herein may include, but are not limited to, o1l (e.g., alkanes,
olefins, aromatic organic compounds, cyclic alkanes, parat-
fins, diesel fluids, mineral oils, desulfurized hydrogenated
kerosenes, and the like), a glycol (e.g., diethylene glycol,
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cthylene glycol, propylene glycol, tetracthylene glycol, tri-
cthylene glycol, and the like), a phenol (e.g., phenol,
2-methylphenol, 2,4-dimethylphenol, 3-methylphenol,
4-methylphenol, and the like), an alkanolamine (e.g., dietha-
nolamine, triethanolamine, triisopropanolamine, aminoethy-
lethanolamine, triethylenetetramine, tetracthylenepentams-
ine, hydroxyethyl diethylenetriamine, and the like),
2-butoxyethanol, benzoic acid, propanone, 2-butanone,
n-propanol, ethanol, methanol, 2-butoxyethanol, derivatives
thereol, 1somers thereof, and any combination thereof.
Examples of aqueous liquid contaminants that may be
present 1n the flowing atmospheric air and detected as
analytes using the optical computational devices described
herein may include, but are not limited to, liquid water, brine
(c.g., saturated or unsaturated salt water), and any combi-
nation thereof. Examples of gaseous contaminants may
include, but are not limited to, water aerosols, water vapor,
o1l aerosols, o1l vapor, and any combination thereof. As used
herein, the term *““vapor” refers to a substance diffused or
suspended 1n air. The term “aerosol,” as used herein, refers
to a colloidal (microscopic) suspension of particles or liquid.

Dry contaminants may be any dry particulate found in the
flowing atmospheric air that 1s not mtended to be present,
typically substantially none. As used herein, the term *“sub-
stantially” means largely, but not necessarily wholly.
Examples of potential dry contaminants may include, but are
not be limited to, pipescale, sand, glass, ceramic matenals,
polymer materials, wood, metals, clays, cements, any other
dry particulate used 1n the o1l and gas industry, and the like.

As used herein, the term “optical computing device”
refers to an optical device that 1s configured to receive an
mput of electromagnetic radiation from a substance or
sample of the substance, and produce an output of electro-
magnetic radiation from a processing element arranged
within the optical computing device. As used herein, the
term “clectromagnetic radiation” refers to radio waves,
microwave radiation, infrared and near-infrared radiation,
visible light, ultraviolet light, X-ray radiation and gamma
ray radiation. The processing element may be, for example,
an integrated computational element (ICE) used in the
optical computing device. As discussed in greater detail
below, the electromagnetic radiation that optically interacts
with the processing element 1s changed so as to be readable
by a detector, such that an output of the detector can be
correlated to at least one characteristic of the contaminant
being measured or monitored. The output of electromagnetic
radiation from the processing element can be reflected
clectromagnetic radiation, transmitted electromagnetic
radiation, and/or dispersed electromagnetic radiation.
Whether reflected, transmitted, (e.g., fluorescence, black-
body, or phosphorescence), and/or dispersed, electromag-
netic radiation 1s analyzed by the detector and may be
dictated by the structural parameters of the optical comput-
ing device as well as other considerations known to those
skilled 1n the art. In some embodiments, which may be
preferred to detect the contaminants described herein, emis-
sion and/or scattering by the contaminant, for example via
fluorescence, luminescence, Raman scattering, Brillion scat-
tering, and/or Raleigh scattering, can be momtored by the
optical computing devices.

As used herein, the term “optically interact” or variations
thereol refer to the reflection, transmission, scattering, dif-
fraction, or absorption of electromagnetic radiation either
on, through, or from one or more processing elements (1.e.,
integrated computational elements). Accordingly, optically
interacted light refers to electromagnetic radiation that has
been reflected, transmitted, scattered, diffracted, or absorbed
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by, emitted, or re-radiated, for example, using the integrated
computational elements, but may also apply to interaction
with a contaminant in flowing atmospheric air.

As an example, electromagnetic radiation (e.g., in the
form of near-infrared light) may be optically interacted with
flowing atmospheric air and may be optically interacted with
an ICE. The telectromagnetic radiation may optically inter-
act with the flowing atmospheric air and the ICE 1n any order
without limitation (air first, ICE first, or simultaneously).
The electromagnetic radiation that has optically interacted
with both the ICE and the flowing atmospheric air may then
be detected by a detector configured to generate an output
signal corresponding to a contaminant in the flowing atmo-
spheric arr.

The exemplary systems and methods described herein
include at least one optical computing device configured to
measure at least one characteristic of a contaminant in
flowing atmospheric air, such as 1n an air line extending
from an air compressor. In some embodiments, the optical
computing devices suitable for use 1n the exemplary systems
and methods described herein may be mobile or portable.

An optical computing device may include an electromag-
netic radiation source, at least one processing element (e.g.,
an integrated computational element), and at least one
detector arranged to receive optically interacted light from
the at least one processing element. However, 1n at least one
embodiment, the electromagnetic radiation source may be
omitted and instead the electromagnetic radiation may be
derived from the contaminant itself. In some embodiments,
the exemplary optical computing devices may be specifi-
cally configured for detecting, analyzing, and quantitatively
measuring a particular characteristic of the contaminant. In
other embodiments, the optical computing devices may be
general purpose optical devices, with post-acquisition pro-
cessing (e.g., through computer means) being used to spe-
cifically detect the characteristic of interest.

The presently described optical computing devices com-
bine the advantage of the power, precision, and accuracy
associated with laboratory spectrometers, while being
extremely rugged and suitable for field use. Furthermore, the
optical computing devices can perform calculations (analy-
ses) 1n real-time or near real-time without the need for
time-consuming sample processing. In this regard, the opti-
cal computing devices can be specifically configured to
detect and analyze particular characteristics of interest,
including contaminants 1 flowing atmospheric air. As a
result, interfering signals are discriminated from those of
interest by appropriate configuration of the optical comput-
ing devices, such that the optical computing devices provide
a rapid response regarding the characteristic of interest as
based on the detected output. In some embodiments, the
detected output can be converted into a voltage that is
distinctive of the magnitude of the characteristic of interest.
The foregoing advantages and others make the optical
computing devices particularly well suited for field use.

The optical computing devices can be configured to detect
not only the composition and concentrations of an analyte in
flowing atmospheric air, but they can also be configured to
determine physical properties and other characteristics of the
contaminant as well, based on their analysis of the electro-
magnetic radiation recerved from the contaminant. For
example, the optical computing devices can be configured to
determine the concentration of an analyte and correlate the
determined concentration to a characteristic of the contami-
nant by using suitable processing means. As will be appre-
ciated, the optical computing devices may be configured to
detect as many characteristics as desired for a given con-
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taminant. All that 1s required to accomplish the monitoring,
of multiple characteristics of interest 1s the incorporation of
suitable processing and detection means within the optical
computing device for each characteristic of interest (e.g., the
concentration of an analyte, and the like). In some embodi-
ments, the properties of the contaminant may be determined
using a combination of characteristics of interest (e.g., a
linear, non-linear, logarithmic, and/or exponential combina-
tion). Accordingly, the more characteristics that are detected
and analyzed using the optical computing devices, the more
accurately the properties of the contaminant will be deter-
mined. For example, properties of a contaminant that may be
determined using optical computing devices described
herein may include, but are not limited to, the absolute
concentration of an analyte, the relative ratios of two or
more analytes, the presence or absence of an analyte, and the
like, and any combination thereof.

The optical computing devices described herein utilize
clectromagnetic radiation to perform calculations, as
opposed to the hardwired circuits of conventional electronic
processors. When electromagnetic radiation interacts with a
material of interest (e.g., a contaminant), unique physical
and chemical information about the material of interest may
be encoded 1n the electromagnetic radiation that 1s reflected
from, transmitted through, or radiated from the material of
interest. The optical computing devices described herein are
capable of extracting the information of the spectral finger-
print of multiple characteristics of a material of interest, and
converting that information 1nto a detectable output regard-
ing the overall properties of the monitored material of
interest. That 1s, through suitable configurations of the
optical computing devices, electromagnetic radiation asso-
ciated with characteristics of interest can be separated from
clectromagnetic radiation associated with all other compo-
nents of the material of interest 1n order to estimate the
properties of the monitored substance (e.g., a contaminant)
in real-time or near real-time.

The processing elements used in the exemplary optical
computing devices described herein may be characterized as
integrated computational elements (ICE). Each ICE 1s
capable of distinguishing electromagnetic radiation related
to the characteristic of 1nterest from electromagnetic radia-
tion related to other components of flowing atmospheric air.
Referring to FIG. 1, illustrated 1s an exemplary ICE 100
suitable for use 1n the optical computing devices used in the
systems and methods described herein. As illustrated, the
ICE 100 may include a plurality of alternating layers 10
and 104, such as silicon (S1) and S10, (quartz), respectively.
In general, these layers 102, 104 consist of materials whose
index of refraction 1s high and low, respectively. Other
examples might include mobia and niobium, germanium and
germania, Mgk, S10_, and other high and low index mate-
rials known 1n the art. The layers 102, 104 may be strate-
gically deposited on an optical substrate 106. In some
embodiments, the optical substrate 106 1s BK-7 optical
glass. In other embodiments, the optical substrate 106 may
be another type of optical substrate, such as quartz, sapphire,
silicon, germanium, zinc selenide, zinc sulfide, or various
plastics such as polycarbonate, polymethylmethacrylate
(PMMA), polyvinylchloride (PVC), diamond, ceramics,
combinations thereot, and the like.

At the opposite end (e.g., opposite the optical substrate
106 in FIG. 1), the ICE 100 may include a layer 108 that 1s
generally exposed to the environment of the device or
installation. The number of layers 102, 104 and the thickness
of each layer 102, 104 are determined from the spectral
attributes acquired from a spectroscopic analysis of a char-
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acteristic of iterest using a conventional spectroscopic
instrument. The spectrum of interest of a given characteristic
of interest typically includes any number of different wave-
lengths. It should be understood that the exemplary ICE 100
in FIG. 1 does not 1n fact represent any particular charac-
teristic of interest, but 1s provided for purposes of 1llustration
only. Consequently, the number of layers 102, 104 and their
relative thicknesses, as shown in FIG. 1, bear no correlation
to any particular characteristic of interest. Nor are the layers
102, 104 and their relative thicknesses necessarily drawn to
scale, and therefore should not be considered limiting of the
present disclosure. Moreover, those skilled in the art wall
readily recognize that the materials that make up each layer
102, 104 (1.e., S1 and S10,) may vary, depending on the
application, cost of materials, and/or applicability of the
materials to the monitored substance.

In some embodiments, the material of each layer 102, 104
can be doped or two or more materials can be combined 1n
a manner to achieve the desired optical characteristic. In
addition to solids, the exemplary ICE 100 may also contain
liquids and/or gases, optionally 1n combination with solids,
in order to produce a desired optical characteristic. In the
case of gases and liquids, the ICE 100 may contain a
corresponding vessel (not shown), which houses the gases or
liqguids. Exemplary vanations of the ICE 100 may also
include holographic optical elements, gratings, piezoelec-
tric, light pipe, digital light pipe (DLP), molecular factor
devices, variable optical attenuators, and/or acousto-optic
clements, for example, that can create transmission, retlec-
tion, and/or absorptive properties ol a material of interest or
contaminant.

The multiple layers 102, 104 exhibit diflerent refractive
indices. By properly selecting the materials of the layers
102, 104 and their relative thickness and spacing, the ICE
100 may be configured to selectively pass/reflect/refract
predetermined fractions of electromagnetic radiation at dif-
terent wavelengths. Each wavelength 1s given a predeter-
mined weighting or loading factor. The thickness and spac-
ing of the layers 102, 104 may be determined using a variety
of approximation methods from the spectrograph of the
characteristic of interest. These methods may include
inverse Fourier transform (IFT) of the optical transmission
spectrum and structuring the ICE 100 as the physical rep-
resentation of the IFT. The approximations convert the IFT
into a structure based on known materials with constant
refractive indices.

The weightings that the layers 102, 104 of the ICE 100
apply at each wavelength are set to the regression weight-
ings described with respect to a known equation, or data, or
spectral signature. Brietly, the ICE 100 may be configured to
perform the dot product of the mput light beam 1nto the ICE
100 and a desired loaded regression vector represented by
cach layer 102, 104 for each wavelength. As a result, the
output light intensity of the ICE 100 1s related to the
characteristic of interest.

Referring now to FIG. 2, illustrated 1s a block diagram
that non-mechanistically illustrates how an optical comput-
ing device 200 1s able to distinguish electromagnetic radia-
tion related to a characteristic of interest from other elec-
tromagnetic radiation. As shown in FIG. 2, after being
illuminated with incident electromagnetic radiation, flowing
atmospheric air 202 produces an output of electromagnetic
radiation (e.g., sample-interacted light), some of which 1s
clectromagnetic radiation 204 corresponding to the charac-
teristic of interest and some of which i1s background elec-
tromagnetic radiation 206 corresponding to other character-
istics of the flowing atmospheric air 202. In some
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embodiments, the flowing atmospheric air 202 may include
one or more characteristics of interest that may correspond
to the one or more analytes of a contaminant 1n the flowing
atmospheric air 202.

Although not specifically shown, one or more processing
clements may be employed 1n the optical computing device
200 1 order to restrict the optical wavelengths and/or
bandwidths of the system and thereby eliminate unwanted
clectromagnetic radiation existing 1 wavelength regions
that have no importance. Such processing elements can be
located anywhere along the optical train, but are typically
employed directly after a light source, which provides the
mitial electromagnetic radiation.

The beams of electromagnetic radiation 204, 206 impinge
upon the optical computing device 200, which contains an
exemplary ICE 208 therein. In the illustrated embodiment,
the ICE 208 may be configured to produce optically inter-
acted light, for example, transmitted optically interacted
light 210 and reflected optically interacted light 214. In
operation, the ICE 208 may be configured to distinguish the
clectromagnetic radiation 204 from the background electro-
magnetic radiation 206.

The transmitted optically interacted light 210, which may
be related to the characteristic of interest of a contaminant in
the flowing atmospheric air 202, may be conveyed to a
detector 212 for analysis and quantification. In some
embodiments, the detector 212 1s configured to produce an
output signal in the form of a voltage that corresponds to the
particular characteristic of the contaminant in the flowing
atmospheric air 202. In at least one embodiment, the signal
produced by the detector 212 and the characteristic of the
contaminant of the flowing atmospheric air 202 (e.g., con-
centration of an analyte of the contaminant) may be directly
proportional. In other embodiments, the relationship may be
a polynomial function, an exponential function, and/or a
logarithmic function. The reflected optically mteracted light
214, which may be related to other characteristics of the
contaminant in the flowing atmospheric air 202, can be
directed away from detector 212. In alternative configura-
tions, the ICE 208 may be configured such that the retlected
optically interacted light 214 can be related to the charac-
teristic of the contaminant, and the transmitted optically
interacted light 210 can be related to other characteristics 1n
the flowing atmospheric air 202.

In some embodiments, a second detector 216 can be
present and arranged to detect the reflected optically inter-
acted light 214. In other embodiments, the second detector
216 may be arranged to detect the electromagnetic radiation
204, 206 derived from the flowing atmospheric air 202 or
clectromagnetic radiation directed toward or before the
flowing atmospheric air 202. Without limitation, the second
detector 216 may be used to detect radiating deviations
stemming from an electromagnetic radiation source (not
shown), which provides the electromagnetic radiation (1.e.,
light) to the device 200. For example, radiating deviations
can 1nclude such things as, but not limited to, intensity
fluctuations i the electromagnetic radiation, interferent
fluctuations (e.g., dust or other interferents passing in front
of the electromagnetic radiation source), coatings on win-
dows 1included with the optical computing device 200,
combinations thereof, or the like. In some embodiments, a
beam splitter (not shown) can be employed to split the
clectromagnetic radiation 204, 206, and the transmitted or
reflected electromagnetic radiation can then be directed to
two or more ICE 208. That 1s, 1n such embodiments, the ICE
208 does not function as a type of beam splitter, as depicted
in FIG. 2, and the transmitted or reflected electromagnetic
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radiation simply passes through the ICE 208, being compu-
tationally processed therein, before travelling to the detector
212.

The characteristic(s) of interest being analyzed using the
optical computing device 200 can be further processed
and/or analyzed computationally to provide additional char-
acterization iformation about the flowing atmospheric air
202, the contaminant therein, or an analyte thereof. In some
embodiments, the 1dentification and concentration of one or
more analytes of a contaminant in the flowing atmospheric
air 202 can be used to predict certain physical characteristics
of the contaminant in the flowing atmospheric air 202. For
example, the bulk characteristics of contaminants in the
flowing atmospheric air 202 can be estimated. By so doing,
the amount of the contaminant 1n the flowing atmospheric
air 202 may be evaluated to ensure that it 1s present within
acceptable limits. The acceptable limits of contaminants 1n
the flowing atmospheric air 202 are highly dependent on the
type of contaminant (e.g., the phase such as liquid, gaseous,
or dry particulate, the chemical makeup, and the like), the
type of operation the flowing atmospheric air 202 1s
expected to be used during, and the like. For example, 11 the
flowing atmospheric air 202 1s used to dry or mix a cement
composition, the presence of a certain contaminant in a
certain concentration may have varying etfects on the hydra-
tion rate, for example, depending on the type of cement in
the composition, the temperature of the downhole operation,
the downhole environment (e.g., 1f 1t 1s a salt formation, for
example), among other variables. One of skill 1n the art, with
the benefit of this disclosure, can determine acceptable
limits of particular contaminants 1n particular flowing atmo-
spheric air based on such factors. Accordingly, where one or
more computing devices 200 i1s used according to the
methods herein to detect a characteristic of interest, difl

erent
acceptable limit ranges may apply to one or more charac-
teristics ol one or more contaminants therein.

In some embodiments, the magnitude of the characteristic
of interest determined using the optical computing device
200 can be fed 1into an algorithm operating under computer
control. The algorithm may be configured to determine
whether the contaminant in the flowing atmospheric air 202
1s 1n programmed acceptable limits, which may be narrowed
depending on a particular operation. In some embodiments,
the algorithm can produce an output that 1s readable by an
operator who can manually take appropniate action, 1f
needed, based upon the reported output. For example, 11 the
flowing atmospheric air 202 comprises an amount ol con-
taminant that 1s not within the acceptable limits, the operator
may take corrective action to bring the amount of contami-
nation within acceptable limits, for example, altering the
source of the flowing atmospheric air, adding additional
chemicals to counteract the contaminant(s), and the like.
These may be referred to collectively as “moditying the
flowing atmospheric air.” Moreover, corrective action to
bring the amount of contamination within acceptable limits
may include, for example, cleaning the air line, substituting
equipment (e.g., compressor units, compressor lines, storage
tanks upstream or downstream of the flowing atmospheric
air), and the like. These may be referred to collectively as
“moditying the external conditions relative to the flowing
atmospheric air.” In some embodiments, both modification
of the flowing atmospheric airr and modification of the
external conditions relative to the flowing atmospheric air
may be utilized. In some embodiments, the algorithm may
direct the operator as to how to take such corrective action
(e.g., how to bring the contaminants 1n the flowing atmo-
spheric air 202 within acceptable limaits).
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In other embodiments, the algorithm can take proactive
process control. For example, the algorithm may be used to
determine whether to stop operations or automatically take
corrective action (e.g., by switching to another atmospheric
air source automatically) based on a determination of the
composition and concentration of any contaminants in the
flowing atmospheric air. It 1s to be recognized that the
algorithm (e.g., an artificial neural network) can be trained
using samples of predetermined characteristics of interest,
and thereby generating a virtual library. As the virtual library
available to the artificial neural network becomes larger, the
neural network can become more capable of accurately
predicting the characteristic of interest corresponding to a
contaminant or analyte thereof. Furthermore, with suflicient
training, the artificial neural network can more accurately
predict the characteristics of the contaminant, even 1n the
presence of unknown analytes.

In some embodiments, the data collected using the optical
computing devices can be archived along with data associ-
ated with operational parameters being logged at a job site.
Evaluation of job performance can then be assessed and
improved for future operations or such information can be
used to design subsequent operations. In addition, the data
and information can be communicated (wired or wirelessly)
to a remote location by a communication system (e.g.,
satellite communication or wide area network communica-
tion) for further analysis. The communication system may
also allow remote monitoring to take place. Automated
control with a long-range communication system can further
facilitate the performance of remote job operations. In
particular, an artificial neural network can be used 1n some
embodiments to facilitate the performance of remote job
operations. That 1s, remote job operations may be conducted
automatically in some embodiments. In other embodiments,
however, remote job operations can occur under direct
operator control, where the operator 1s not at the job site
(e.g., via wireless technology).

Referring now to FIG. 3, illustrated 1s an exemplary
system 300 for momitoring flowing atmospheric air 302,
according to one or more embodiments. In the illustrated
embodiment, the flowing atmospheric air 302 may be flow-
ing within an exemplary flow path 304. The exemplary tlow
path 304 may be, for example, an air line extending from an
airr compressor. The flowing atmospheric air 302 present
within the flow path 304 may be flowing 1n the general
direction 1ndicated by the arrows A (1.e., upstream to down-
stream). As will be appreciated by one of skill in the art,
however, a flow path 304 may be 1n any direction, including
a circular direction, without departing from the scope of the
present disclosure.

The system 300 may include at least one optical comput-
ing device 306, which may be similar 1n some respects to the
optical computing device 200 of FIG. 2. While not shown,
the device 306 may be housed within a casing or housing
configured to substantially protect the internal components
of the device 306 from damage or contamination from the
external environment. The housing may operate to mechani-
cally couple or otherwise place 1n communication the device
306 to the flow path 304 with, for example, mechanical
fasteners, brazing or welding techniques, adhesives, mag-
nets, combinations thereot or the like.

As described 1n greater detail below, the optical comput-
ing device 306 may be useful in determining a particular
characteristic of a contaminant the flowing atmospheric air
302 within the flow path 304, such as determining a con-
centration of an analyte present within the contaminant 1n
the tlowing atmospheric air 302. In some embodiments, the
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device 306 may include an electromagnetic radiation source
308 configured to emit or otherwise generate electromag-
netic radiation 310. The electromagnetic radiation source
308 may be any device capable of emitting or generating
clectromagnetic radiation, as defined herein. For example,
the electromagnetic radiation source 308 may be a light
bulb, a light emitting device (LED), a laser, a blackbody, a
photonic crystal, an X-Ray source, a gamma ray source,
combinations thereof, or the like. In some embodiments, a
lens 312 may be configured to collect or otherwise receive
the electromagnetic radiation 310 and direct a beam 314 of
clectromagnetic radiation 310 toward the flowing atmo-
spheric air 302. The lens 312 may be any type of optical
device configured to transmit or otherwise convey the elec-
tromagnetic radiation 310 as desired. For example, the lens
312 may be a normal lens, a Fresnel lens, a diffractive
optical element, a holographic graphical element, a mirror
(e.g., a Tocusing mirror), a type ol collimator, or any other
clectromagnetic radiation transmitting device known to
those skilled 1n art. In other embodiments, the lens 312 may
be omitted from the device 306 and the electromagnetic
radiation 310 may instead be conveyed toward the flowing
atmospheric air 302 directly from the electromagnetic radia-
tion source 308.

In one or more embodiments, the device 306 may also
include a sampling window 316 arranged adjacent to or
otherwise 1n contact with the flowing atmospheric air 302
for detection purposes. The sampling window 316 may be
composed from a variety of transparent, rigid or semi-rigid
materials that are configured to allow transmission of the
clectromagnetic radiation 310 therethrough. For example,
the sampling window 316 may be made composed of, but 1s
not limited to, glasses, plastics, semi-conductors, crystalline
materials, polycrystalline materials, hot or cold-pressed
powders, combinations thereof, or the like.

After passing through the sampling window 316, the
clectromagnetic radiation 310 impinges upon and optically
interacts with the contaminants and analytes thereof 1n the
flowing atmospheric air 302. It 1s understood that in some
embodiments, the electromagnetic radiation 310 may
impinge upon and optically interact with the flowing atmo-
spheric air 302 itself to determine the presence ol any
contaminant, without departing from the scope of the pres-
ent disclosure. As a result, optically interacted radiation 318
1s generated by and reflected from the contaminants in the
flowing atmospheric air 302. Those skilled in the art, how-
ever, will readily recognize that alternative variations of the
device 306 may allow the optically interacted radiation 318
to be generated by being transmitted, scattered, diffracted,
absorbed, emitted, or re-radiated by and/or from the con-
taminants 1n the flowing atmospheric air 302, or one or more
analytes of the contaminant present within the flowing
atmospheric air 302, without departing from the scope of the
disclosure.

The optically interacted radiation 318 generated by the
interaction with the contaminants 1n the flowing atmospheric
air 302 may be directed to or otherwise received by an ICE
320 arranged within the device 306. The ICE 320 may be a
spectral component substantially similar to the ICE 100
described above with reference to FIG. 1. Accordingly, 1n
operation the ICE 320 may be configured to receive the
optically interacted radiation 318 and produce modified
clectromagnetic radiation 322 corresponding to a particular
characteristic of interest of the contaminant in the tlowing
atmospheric air 302. In particular, the modified electromag-
netic radiation 322 1s electromagnetic radiation that has
optically interacted with the ICE 320, whereby an approxi-
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mate mimicking of the regression vector corresponding to
the characteristic of interest 1s obtained. In some embodi-
ments, the characteristic of interest corresponds to a liquid
component of the particular analyte thereof 1in the flowing
atmospheric air 302.

It should be noted that, while FIG. 3 depicts the ICE 320
as receiving optically interacted radiation 318 from the
contaminant 1n flowing atmospheric air 302, the ICE 320
may be arranged at any point along the optical train of the
device 306, without departmg from the scope of the disclo-
sure. For example, 1n one or more embodiments, the ICE
320 (as shown 1n dashed) may be arranged within the optical
train prior to the sampling window 316 and equally obtain
substantially the same results. In other embodiments, the
sampling window 316 may serve a dual purpose as both a
transmission window and the ICE 320 (i.e., a spectral
component). In yet other embodiments, the ICE 320 may
generate the modified electromagnetic radiation 322 through
reflection, 1nstead of transmission therethrough.

Moreover, while only one ICE 320 1s shown 1n the device
306, embodiments are contemplated herein which include
the use of at least two ICE 320 components 1n the device 306
configured to cooperatively determine the characteristic of
interest 1 the flowing atmospheric air 302. For example,
two or more ICE 320 may be arranged in series or parallel
within the device 306 and configured to receive the optically
interacted radiation 318 and thereby enhance sensitivities
and detector limits of the device 306. In other embodiments,
two or more ICE 320 may be arranged on a movable
assembly, such as a rotating disc or an oscillating linear
array, which moves such that the individual ICE 320 com-
ponents are able to be exposed to or otherwise optically
interact with electromagnetic radiation 310 for a distinct
briel period of time. The two or more ICE 320 components
in any of these embodiments may be configured to be either
associated or disassociated with the characteristic of interest
in the tlowing atmospheric air 302. In other embodiments,
the two or more ICE 320 components may be configured to
be positively or negatively correlated with the characteristic
ol interest.

In some embodiments, 1t may be desirable to monitor
more than one characteristic of interest at a time using the
device 306. In such embodiments, various configurations for
multiple ICE E

320 components can be used, where each ICE
320 component 1s configured to detect a particular and/or
distinct characteristic of interest corresponding, {for
example, a characteristic of a contaminant present in the
flowing atmospheric air 302. In some embodiments, the
characteristic of interest can be analyzed sequentially using
multiple ICE 320 components that are provided a single
beam of optically interacted radiation 318 being reflected
from or transmitted through the flowing atmospheric air 302
to detect the contaminant. In some embodiments, as
described 1n more detail below, multiple ICE 320 compo-
nents can be arranged on a rotating disc, where the indi-
vidual ICE 320 components are only exposed to the beam of
optically interacted radiation 318 for a short time. Advan-
tages of this approach can include the ability to analyze
multiple characteristics of interest of a contaminant (or
multiple types of contaminants) within the flowing atmo-
spheric air 302 using a single device 306 and the opportunity
to assay additional characteristics simply by adding addi-
tional ICE 320 components corresponding to those addi-
tional characteristics or corresponding to different types of
contaminants.

In other embodiments, multiple devices 306 can be placed
at a single location along the tlow path 304, where each
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device 306 contains a umique ICE 320 that 1s configured to
detect a particular characteristic of interest. In such embodi-
ments, a beam splitter can divert a portion of the optically
interacted radiation 318 being reflected by, emitted from, or
transmitted through the flowing atmospheric air 302 and 1nto
cach device 306. Each device 306, in turn, can be coupled
to a corresponding detector or detector array that 1s config-
ured to detect and analyze an output of electromagnetic
radiation from the respective device 306. Parallel configu-
rations of optical computing devices can be particularly
beneficial for applications that require low power inputs
and/or no moving parts.

In some embodiments, the single ICE 320 may be
replaced by an array of integrated computational elements,
as 1llustratively depicted 1n FIG. 5. By moving the integrated
computational elements of the depicted arrays with respect
to the electromagnetic radiation, different integrated com-
putational elements may be exposed to the electromagnetic
radiation over time. In some embodiments, the array may
comprise rotating disc 503 containing integrated computa-
tional elements 504a-504¢ thereon. In other embodiments,
the array may comprise movable assembly 5035 having
integrated computational elements 506a-506¢ thereon, 1n
which movable assembly 505 1s shifted or reciprocated
laterally over the course of time to expose integrated com-
putational elements 506a-506¢ to electromagnetic radiation.
It 1s to be recognized that although the arrays of FIG. 5 have
depicted five integrated computational elements 1n the array,
any number may be present.

Referring back to FIG. 3, with reference to FIG. 5, those
skilled 1n the art will appreciate that any of the foregoing
configurations can further be used 1n combination with a
series configuration 1n any of the present embodiments. For
example, two devices 306 may be arranged 1n series, such as
being located on or within a movable housing configured to
perform an analysis at a single location 1n the flow path 304.
Likewise, multiple detection stations, each containing
devices 306 1n parallel, can be placed in series for perform-
ing a similar analysis.

The modified electromagnetic radiation 322 generated by
the ICE 320 may subsequently be conveyed to a detector 324
for quantification of the signal. The detector 324 may be any
device capable of detecting electromagnetic radiation, and
may be generally characterized as an optical transducer. In
some embodiments, the detector 324 may be, but i1s not
limited to, a thermal detector such as a thermopile or
photoacoustic detector, a semiconductor detector, a piezo-
clectric detector, a charge coupled device (CCD) detector, a
video or array detector, a split detector, a quad detector, a
photon detector (such as a photomultiplier tube), photo-
diodes, combinations thereof, or the like, or other detectors
known to those skilled in the art.

In some embodiments, the detector 324 may be config-
ured to produce an output signal 326 in real-time or near
real-time 1n the form of a voltage (or current) that corre-
sponds to the particular characteristic of interest of a con-
taminant 1n the flowing atmospheric air 302. The voltage
returned by the detector 324 1s essentially the dot product of
the optical interaction of the optically interacted radiation
318 with the respective ICE 320 as a function of the
concentration of the characteristic of interest. As such, the
output signal 326 produced by the detector 324 and the
concentration of the characteristic of interest may be related,
for example, directly proportional. In other embodiments,
however, the relationship may correspond to a polynomial
function, an exponential function, a logarithmic function,
and/or a combination thereof.
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In some embodiments, the device 306 may include a
second detector 328, which may be similar to the first
detector 324 1in that 1t may be any device capable of
detecting eclectromagnetic radiation. Similar to the second
detector 216 of FIG. 2, the second detector 328 of FIG. 3
may be used to detect radiating deviations stemming from
the electromagnetic radiation source 308. Undesirable radi-
ating deviations can occur in the intensity of the electro-
magnetic radiation 310 due to a wide variety of reasons and
potentially causing various negative eflects on the output of
the device 306. These negative eflects can be particularly
detrimental for measurements taken over a period of time. In
some embodiments, radiating deviations can occur as a
result of a build-up of film or material on the sampling
window 316, which has the eflect of reducing the amount
and quality of light ultimately reaching the first detector 324.
Without proper compensation, such radiating deviations
could result 1n false readings and the output signal 326
would no longer be primarily or accurately related to the
characteristic of interest.

To compensate for these types of undesirable effects, the
second detector 328 may be configured to generate a com-
pensating signal 330 generally indicative of the radiating
deviations of the electromagnetic radiation source 308, and
thereby normalize the output signal 326 generated by the
first detector 324. As illustrated, the second detector 328
may be configured to receive a portion of the optically
interacted radiation 318 via a beam splitter 332 1n order to
detect the radiating deviations. In other embodiments, how-
ever, the second detector 328 may be arranged to receive
clectromagnetic radiation from any portion of the optical
train 1 the device 306 in order to detect the radiating
deviations, without departing from the scope of the disclo-
sure.

In some applications, the output signal 326 and the
compensating signal 330 may be conveyed to or otherwise
received by a signal processor 334 communicably coupled
to both the detectors 324, 328. The signal processor 334 may
be a computer including a non-transitory machine-readable
medium, and may be configured to computationally com-
bine the compensating signal 330 with the output signal 326
in order to normalize the output signal 326 in view of any
radiating deviations detected by the second detector 328 and
produce a resulting output signal 336. In some embodi-
ments, computationally combining the output and compen-
sating signals 326, 330 may entail computing a ratio of the
two signals 326, 330. For example, the concentration or
magnitude ol each characteristic of interest determined
using the optical computing device 306 can be fed into an
algorithm run by the signal processor 334.

In real-time or near real-time, the signal processor 334
may be configured to provide the resulting output signal 336
corresponding to a concentration of the characteristic of
interest 1 the flowing atmospheric air 302. The resulting
output signal 336 may be readable by an operator who can
consider the results and make proper adjustments or take
appropriate action, 1f needed, based upon the measured
concentrations of contaminant(s) in the flowing atmospheric
air 302. In some embodiments, the resulting signal output
336 may be conveyed, either wired or wirelessly, to an
operator for consideration. In other embodiments, the result-
ing output signal 336 of the characteristic of interest may be
recognized by the signal processor 334 as being within or
without an acceptable limit range for the flowing atmo-
spheric air 302 or for a particular operation and may alert the
operator of an out of range reading so appropriate corrective
action may be taken, or otherwise autonomously undertake
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the appropriate corrective action such that the resulting
output signal 336 returns to a value within the predetermined
or preprogrammed range of suitable operation.

Referring now to FIG. 4, 1llustrated 1s another exemplary
system 400 including at least one optical computing device
406 for monitoring tlowing atmospheric air 302, according
to one or more embodiments. The exemplary system 400
and optical computing device 406 may be similar in some
respects to the system 300 and optical computing device 306
of FIG. 3, and therefore may be best understood with
reference thereto where like numerals indicate like elements
that will not be described again. The optical computing
device 406 may be configured to determine the concentra-
tion of a characteristic of interest in the flowing atmospheric
air 302 as contained within a flow path 304. Unlike the
system 300 of FIG. 3, however, the optical computing device
406 of FIG. 4 may be configured to transmit the electro-
magnetic radiation 310 through the flowing atmospheric air
302 1n the flow path 304 via a first sampling window 402qa
and a second sampling window 4026 arranged radially-
opposite the first sampling window 402q. The first and
second sampling windows 402q,6 may be similar to the
sampling window 316 described above with reference to
FIG. 3 and therefore will not be described again.

As the electromagnetic radiation 310 passes through the
flowing atmospheric air 302 via the first and second sam-
pling windows 402aq, b, 1t optically interacts with the flowing
atmospheric air 302 and optically interacted radiation 318 1s
subsequently directed to or otherwise received by the ICE
320 as arranged within the device 406. It 1s again noted that,
while FIG. 4 depicts the ICE 320 as receiving the optically
interacted radiation 318 as transmitted through the sampling
windows 402q,b, the ICE 320 may equally be arranged at
any point along the optical train of the device 406, without
departing from the scope of the disclosure. For example, 1n
one or more embodiments, the ICE 320 may be arranged
within the optical train prior to the first sampling window
402a and equally obtain substantially the same results. In yet
other embodiments, the ICE 320 may generate the modified
clectromagnetic radiation 322 through reflection, instead of
transmission therethrough. Moreover, as with the device 306
of FIG. 3, embodiments are contemplated herein which
include the use of at least two ICE components 1n the device
406 configured to cooperatively determine the characteristic
of interest 1n the flowing atmospheric air 302.

The modified electromagnetic radiation 322 generated by
the ICE 320 1s subsequently conveyed to the detector 324 for
quantification of the signal and generation of the output
signal 326 which corresponds to the particular characteristic
of interest 1n the flowing atmospheric air 302. The device
406 may also include the second detector 328 for detecting
radiating dewviations stemming from the electromagnetic
radiation source 308. As illustrated, the second detector 328
may be configured to receive a portion of the optically
interacted radiation 318 via the beam splitter 332 1n order to
detect the radiating deviations. The output signal 326 and the
compensating signal 330 may then be conveyed to or
otherwise received by the signal processor 334 which may
computationally combine the two signals 330, 326 and
provide 1n real-time or near real-time the resulting output
signal 336 corresponding to the concentration of the char-
acteristic of interest 1n the flowing atmospheric air 302.

Those skilled 1n the art will readily recognize that, in one
or more embodiments, electromagnetic radiation may be
derived from the flowing atmospheric air 302 or the con-
taminant itself, and otherwise derived independent of any
clectromagnetic radiation source 308 (FIGS. 3 and 4). For
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example, various substances naturally radiate electromag-
netic radiation that 1s able to optically interact with the ICE
320 (FIGS. 2 and 3). In some embodiments, for example, the
flowing atmospheric air 302 or contaminant being analyzed
may be a blackbody radiating substance configured to radi-
ate heat that may optically interact with the ICE 320. In other
embodiments, the flowing atmospheric air 302 or contami-
nant may be radioactive or chemo-luminescent and, there-
fore, radiate electromagnetic radiation that 1s able to opti-
cally interact with the ICE 320. In yet other embodiments,
the electromagnetic radiation may be induced from the
flowing atmospheric air 302 or contaminant by being acted
upon mechanically, magnetically, electrically, combinations
thereot, or the like. For instance, 1n at least one embodiment,
a voltage may be placed across the tlowing atmospheric air
302 1n order to induce the electromagnetic radiation. As a
result, embodiments are contemplated heremn where the
clectromagnetic radiation source 308 may be omitted from
the optical computing devices described herein.

Referring now to FIG. 6, illustrated 1s a flow chart
depicting a bulk powder composition (e.g., proppant,
cement, gravel, and the like) process flow 600 for use in a
subterrancan formation operation that may utilize one or
more exemplary systems comprising the optical computing,
devices described herein 1n air lines connected therebe-
tween. The optical computing devices that may be used in
the process flow 600 may be substantially similar to the
optical computing device 306 of FIG. 3 and/or the optical
computing device 406 of FIG. 4, and therefore will not be
described again 1n detail. A powder composition (not shown)
may be pneumatically conveyed between a transport vessel
602, a storage tank 604, a first blend tank 606a, a second
blend tank 6065, a job transport tank 610, and a jobsite
structure 612.

It will be appreciated that the specific configuration of the
process tlow 600 depicted in FIG. 6 1s merely illustrative and
other configurations may be adopted 1n accordance with the
embodiments described herein. For example, although two
blend tanks 606a,b are depicted in FIG. 6, it will be
appreciated that a single blend tank may be included 1n the
process flow 600 or more than two blend tanks may be
included in the process flow 600, depending on the specific
needs of a particular powder composition or operation,
without departing from the scope of the present disclosure.
Moreover, 1n some embodiments, the storage tank 604 may
be omitted and the powder composition may be conveyed
directly from the transport vessel 602 to one or more blend
tanks 606.

An air supply 614 (e.g., a compressor) may be connected
via one or more air lines 616 carrying flowing atmospheric
air and used to dry or otherwise aerate or mix the powder
composition 1 one or more of the storage tank 604 and/or
the first or second blend tanks 606a,5. One or more of the
optical computing devices described herein may be used to
monitor contaminants that are within the flowing atmo-
spheric air in the air lines 616 from the air supply 614 at any
location, such as those depicted at F, G, H, and I, 1n
accordance with the embodiments herein.

Although the air line 616 1s 1llustrated as being 1n-line and
connecting the air supply 614 and each of the storage tank
604 and blend tanks 606a,b, 1t will be appreciated by one of
skill 1n the art that the air line 616 may connect to only one
of the storage tank 604 or blend tanks 606a, b, without
departing from the scope of the present disclosure. Similarly,
it 1s not necessary that a single air supply 614 supply air to
more than one of the storage tank 604 or blend tanks 606aq,
b; rather, a single air supply 614 may be connected to each
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tank. Furthermore, where a single air line 616 1s used to
supply more than one of the storage tank 604 or blend tanks
606a, b, the air line 616 may comprise a valve (e.g., a
two-way valve) at any location along the air line 616 to
control the airflow toward a particular tank.

Other configurations of the process flow 600 may also be
suitable, without departing from the scope of the present
disclosure. For example, one or more optical computing
devices at locations F-J of the process tlow 600 may be 1n
any combination. That 1s, any single location may comprise
an optical computing device and any combination of one or
more of locations F-J may comprise an optical computing
device. Moreover, any other location capable of housing an
optical computing device as described herein for monitoring
a contaminant in the flowing atmospheric air at a location
along the process tlow 600. In some embodiments, the one
or more optical computing devices located along the process
flow 600 may be capable of detecting the same characteristic
ol interest or different characteristics of interest and may
turther be designed to provide an output that may be read by
an algorithm capable of determining whether the contami-
nant 1s within an acceptable limit range, which may vary at
different locations along the process flow 600.

In some embodiments, the methods described herein may
comprise optically interacting electromagnetic radiation
with flowing atmospheric air and a first integrated compu-
tational element (ICE), the first ICE being configured to
detect a contaminant 1n a flowing atmospheric air; receiving
the electromagnetic radiation with a detector; and generating
an output signal corresponding to a characteristic of the
contaminant in the flowing atmospheric air. The character-
istic of the contaminant may be any characteristic or analyte
of the contaminant, such as composition or concentration
characteristics. In one exemplary embodiment, the charac-
teristic of the contaminant detected may be the concentration
of the contaminant and further comprising determining if the
concentration of the contaminant 1s within an acceptable
limit range in the flowing atmospheric air, as 1s described
herein.

In other embodiments, the methods described herein may

comprise optically interacting electromagnetic radiation
with flowing atmospheric air and a first integrated compu-
tational element (ICE), the first ICE configured to detect a
first contaminant 1n the flowing atmospheric air; optically
interacting electromagnetic radiation with the flowing atmo-
spheric air and at least a second ICE, the second ICE
configured to detect a second contaminant in the tlowing
atmospheric air; receiving the electromagnetic radiation
with at least one detector; and generating a first output signal
corresponding to a characteristic of the first contaminant 1n
the flowing atmospheric air and a second output signal
corresponding to a second characteristic of the flowing
atmospheric air, or a combined output signal corresponding
to a combined characteristic of the first and second contami-
nants in the flowing atmospheric air. The characteristic of
the first and second contaminant may be of the same type
(e.g., concentration), which may be evaluated based on
acceptable limit ranges for each of the first and second
contaminant or for a combined acceptable limit. In other
cases, the characteristics of the first and second contaminant
may be diflerent or of the same type but not combinable
(e.g., a composition characteristic that 1s different between
the type contaminants). One or more additional ICE devices
may be used to detect one or more additional characteristics
of the first or second contaminant or may be configured to
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detect additional contaminants. The ICE devices may gen-
crally be configured to detect expected contaminants, such
as those described herein.

It 1s recognized that the various embodiments herein
directed to computer control and artificial neural networks,
including various blocks, modules, elements, components,
methods, and algorithms, can be implemented using com-
puter hardware, soltware, combinations thereot, and the like.
To 1illustrate this interchangeability of hardware and sofit-
ware, various 1illustrative blocks, modules, elements, com-
ponents, methods and algorithms have been described gen-
crally in terms of theirr functionality. Whether such
functionality 1s implemented as hardware or software will
depend upon the particular application and any imposed
design constraints. For at least this reason, 1t 1s to be
recognized that one of ordinary skill in the art can implement
the described functionality i a variety of ways for a
particular application. Further, various components and
blocks can be arranged in a diflerent order or partitioned
differently, for example, without departing from the scope of
the embodiments expressly described.

Computer hardware used to implement the various illus-
trative blocks, modules, elements, components, methods,
and algorithms described herein can include a processor
configured to execute one or more sequences of instructions,
programming stances, or code stored on a non-transitory,
computer-readable medium. The processor can be, for
example, a general purpose microprocessor, a microcon-
troller, a digital signal processor, an application specific
integrated circuit, a field programmable gate array, a pro-
grammable logic device, a controller, a state machine, a
gated logic, discrete hardware components, an artificial
neural network, or any like suitable entity that can perform
calculations or other mamipulations of data. In some embodi-
ments, computer hardware can further include elements such
as, for example, a memory (e.g., random access memory
(RAM), tlash memory, read only memory (ROM), program-
mable read only memory (PROM), erasable read only
memory (EPROM)), registers, hard disks, removable disks,
CD-ROMS, DVDs, or any other like suitable storage device
or medium.

Executable sequences described herein can be imple-
mented with one or more sequences of code contained 1n a
memory. In some embodiments, such code can be read into
the memory from another machine-readable medium.
Execution of the sequences of mstructions contained 1n the
memory can cause a processor to perform the process steps
described herein. One or more processors 1 a multi-pro-
cessing arrangement can also be employed to execute
instruction sequences in the memory. In addition, hard-wired
circuitry can be used in place of or in combination with
software instructions to mmplement various embodiments
described herein. Thus, the present embodiments are not
limited to any specific combination of hardware and/or
software.

As used herein, a machine-readable medium will refer to
any medium that directly or indirectly provides instructions
to a processor for execution. A machine-readable medium
can take on many forms including, for example, non-volatile
media, volatile media, and transmission media. Non-volatile
media can 1nclude, for example, optical and magnetic disks.
Volatile media can include, for example, dynamic memory.
Transmission media can include, for example, coaxial
cables, wire, fiber optics, and wires that form a bus. Com-
mon forms of machine-readable media can include, for
example, floppy disks, flexible disks, hard disks, magnetic
tapes, other like magnetic media, CD-ROMs, DVDs, other
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like optical media, punch cards, paper tapes and like physi-
cal media with patterned holes, RAM, ROM, PROM,

EPROM, and flash EPROM.

It should also be noted that the various drawings provided
herein are not necessarily drawn to scale nor are they, strictly
speaking, depicted as optically correct as understood by
those skilled 1n optics. Instead, the drawings are merely
illustrative 1n nature and used generally herein in order to
supplement understanding of the systems and methods pro-
vided herein. Indeed, while the drawings may not be opti-
cally accurate, the conceptual interpretations depicted
therein accurately reflect the exemplary nature of the various
embodiments disclosed.

Embodiments herein include:

Embodiment A: A method comprising: optically interact-
ing electromagnetic radiation with a flowing atmospheric air
composition; optically interacting the electromagnetic radia-
tion with an integrated computational element (“ICE”), the
ICE being configured to analyze for a contaminant in the
flowing atmospheric air; receiving with a detector the elec-
tromagnetic radiation that has optically interacted with the
flowing atmospheric air and the ICE; and generating an
output signal corresponding to a characteristic of the con-
taminant in the tlowing atmospheric air.

Embodiment A may have one or more of the following
additional elements 1n any combination:

Element Al: Wherein the ICE 1s located within an air line
extending from an air compressor.

Element A2: Wherein the electromagnetic radiation 1s at
least one selected from the group consisting of infrared
radiation, near-inirared radiation, visible light, ultraviolet
light, X-ray radiation, and gamma ray radiation.

Element A3: Wherein the electromagnetic radiation 1s
provided by at least one of a light bulb, a light emitting
device, a laser, a blackbody, a photonic crystal, an X-Ray
source, and a gamma ray source.

Element A4: Wherein the contaminant 1s selected from
the group consisting of an aqueous liquid, an organic liquid,
a carbonic acid, a gas, a dry contaminant, a biological
contaminant, and any combination thereof.

Element AS: Wherein the characteristic of the contami-
nant 1s a concentration of the contaminant in the flowing
atmospheric air.

By way of non-limiting example, exemplary combina-
tions applicable to A include: A with Al and A2; A with Al
and A3; Awith Al and A4; A with Al and A5; Awith A2 and
A3; A with A3 and A4; A with A2 and A5; A with A3 and
Ad; A with A3 and AS5; A with A4 and AS; A with Al, A2,
and A3:; Awith Al, A2, A3, A4, and A5; A with A3, A4, and
AS.

Embodiment B: A method comprising: optically interact-
ing electromagnetic radiation with a flowing atmospheric air
composition; optically interacting the electromagnetic radia-
tion with an itegrated computational element (“ICE”), the
ICE being configured to analyze for a contaminant in the
flowing atmospheric air; receiving with a detector the elec-
tromagnetic radiation that has optically interacted with the
flowing atmospheric air and the ICE; generating an output
signal corresponding to a concentration of the contaminant
in the flowing atmospheric air; and determining 1f the
concentration of the contaminant 1s within an acceptable
limit range 1n the flowing atmospheric air.

Embodiment B may have one or more of the following
additional elements 1n any combination:

Element B1: Wherein the ICE 1s located within an air line
extending from an air compressor.
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Element B2: Wherein the electromagnetic radiation 1s at
least one selected from the group consisting of infrared
radiation, near-infrared radiation, visible light, ultraviolet
light, X-ray radiation, and gamma ray radiation.

Element B3: Wherein the electromagnetic radiation 1s
provided by at least one of a light bulb, a light emitting
device, a laser, a blackbody, a photonic crystal, an X-Ray
source, and a gamma ray source.

Element B4: Wherein the contaminant 1s selected from
the group consisting of an aqueous liquid, an organic liquid,
a carbonic acid, a gas, a dry contaminant, a biological
contaminant, and any combination thereof.

Element B5: Wherein the characteristic of the contami-
nant 1s a concentration of the contaminant in the flowing
atmospheric air.

By way of non-limiting example, exemplary combina-
tions applicable to B include: B with B1 and B2; B with Bl
and B3; B with Bl and B4; B with B1 and BS5; B with B2
and B3; B with B3 and B4; B with B2 and B5; B with B3
and B4; B with B3 and B5; B with B4 and B5; B with B1,
B3, and B3; B with B1, B2, B3, B4, and B5; B with B2, B4,
and B5.

Embodiment C: A method comprising: optically interact-
ing electromagnetic radiation with a flowing atmospheric air
and optically interacting the electromagnetic radiation with
a first integrated computational element (“ICE”), the first
ICE configured to analyze for a first contaminant in the
flowing atmospheric air; optically interacting the electro-
magnetic radiation with the flowing atmospheric air and at
least a second ICE, the second ICE configured to analyze for
a second contaminant in the flowing atmospheric air; receiv-
ing with a detector the electromagnetic radiation that has
optically interacted with the flowing atmospheric air, the
first ICE, and the second ICE; and generating a first output
signal corresponding to a characteristic of the first contami-
nant 1n the flowing atmospheric air and a second output
signal corresponding to a characteristic of the second con-
taminant in the flowing atmospheric air, or a combined
output signal corresponding to a combined characteristic of
the first and second contaminants 1n the flowing atmospheric
air.

Embodiment C may have one or more of the following
additional elements 1n any combination:

Element C1: Wherein the ICE 1s located within an air line
extending from an air compressor.

Element C2: Wherein the electromagnetic radiation 1s at
least one selected from the group consisting of infrared
radiation, near-infrared radiation, visible light, ultraviolet
light, X-ray radiation, and gamma ray radiation.

Element C3: Wherein the electromagnetic radiation 1s
provided by at least one of a light bulb, a light emitting
device, a laser, a blackbody, a photonic crystal, an X-Ray
source, and a gamma ray source.

Element C4: Wherein the contaminant 1s selected from
the group consisting of an aqueous liquid, an organic liquid,
a carbonic acid, a gas, a dry contaminant, a biological
contaminant, and any combination thereof.

Element C5: Wherein the characteristic of the first con-
taminant 1s a concentration of the first contaminant in the
flowing atmospheric air and wherein the characteristic of the
second contaminant 1s a concentration of the second con-
taminant 1n the flowing atmospheric air, or where the com-
bined characteristic of the first and second contaminants 1s
a combined concentration of the first and second contami-
nants 1n the flowing atmospheric air.

Element C6: Wherein the characteristic of the first con-
taminant 1s a concentration of the first contaminant in the
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flowing atmospheric air and wherein the characteristic of the
second contaminant 1s a concentration of the second con-
taminant 1n the flowing atmospheric air, or where the com-
bined characteristic of the first and second contaminants 1s
a combined concentration of the first and second contami-
nants in the flowing atmospheric air, and further comprising;:
determining 11 the concentration of the first contaminant 1n
the tlowing atmospheric air 1s within a first acceptable limit
range and/or 1f the concentration of the second contaminant
in the flowing atmospheric air 1s within a second acceptable
limit range, and/or 1f the concentration of the combined first
and second contaminants 1s within a combined acceptable
limit range.

Element C7: Wherein the characteristic of the first con-
taminant 1s a concentration of the first contaminant in the

flowing atmospheric air and wherein the characteristic of the
second contaminant 1s a concentration of the second con-
taminant 1n the flowing atmospheric air, or where the com-
bined characteristic of the first and second contaminants 1s
a combined concentration of the first and second contami-
nants 1n the flowing atmospheric air, and further comprising
determining 1f the combined concentration of the first and
second contaminants in the tflowing atmospheric air 1s within
a combined acceptable limit range.

By way of non-limiting example, exemplary combina-
tions applicable to C include: C with 1 and 2; C with 1 and
3: Cwith 1 and 4; C with 1 and 5; C with C1 and C6; C with
C1 and C7; C with C2 and C3; C with C3 and C4; C with
C2 and C5; C with C2 and C6; C with C2 and C7; C with
C3 and C4; C with C3 and C5; C with C4 and C5; C with
C4 and C6; C with C4 and C7; C with C5 and C6; C with
C5 and C7; C with C6 and C7; C with C1, C3, and C5; C
with C1, C2, C3, C4, and C3; C with C2, C4, and C7; C with
C3, C4, C6, and C7.

Therefore, the exemplary embodiments described herein
are well adapted to attain the ends and advantages men-
tioned as well as those that are inherent therein. The par-
ticular embodiments disclosed above are 1llustrative only, as
the exemplary embodiments described herein may be modi-
fied and practiced in different but equivalent manners appar-
ent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described 1n the claims below. It 1s therefore evident that
the particular 1llustrative embodiments disclosed above may
be altered, combined, or modified and all such variations are
considered within the scope and spirit of the present disclo-
sure. The embodiments illustratively disclosed herein suit-
ably may be practiced 1n the absence of any element that 1s
not specifically disclosed herein and/or any optional element
disclosed herein. While compositions and methods are
described 1n terms of “comprising,” “containing,” or
“including™ various components or steps, the compositions
and methods can also “consist essentially of”” or “consist of”
the various components and steps. All numbers and ranges
disclosed above may vary by some amount. Whenever a
numerical range with a lower limit and an upper limit 1s
disclosed, any number and any included range falling within
the range 1s specifically disclosed. In particular, every range
of values (of the form, “from about a to about b,” or,
equivalently, “from approximately a to b,” or, equivalently,
“from approximately a-b”) disclosed herein 1s to be under-
stood to set forth every number and range encompassed
within the broader range of values. Also, the terms in the
claims have their plain, ordinary meaning unless otherwise
explicitly and clearly defined by the patentee. Moreover, the
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indefinite articles “a” or “an,” as used in the claims, are
defined herein to mean one or more than one of the element
that it itroduces.

As used herein, the phrase “at least one of”” preceding a
series ol items, with the terms “and” or “or” to separate any
of the 1items, modifies the list as a whole, rather than each
member of the list (1.e., each item). The phrase “at least one
of” does not require selection of at least one item; rather, the
phrase allows a meaning that includes at least one of any one
of the items, and/or at least one of any combination of the
items, and/or at least one of each of the items. By way of
example, the phrases “at least one of A, B, and C” or “at least
one of A, B, or C” each refer to only A, only B, or only C;
any combination of A, B, and C; and/or at least one of each
of A, B, and C.

The 1nvention claimed 1s:

1. A method comprising:

optically interacting electromagnetic radiation with a

flowing atmospheric air composition;

optically interacting the electromagnetic radiation with an

integrated computational element (“ICE”), the ICE

being configured to analyze for a contaminant in the

flowing atmospheric air, and

wherein the ICE 1s located within an air line extending,
from an air compressor;

receiving with a detector the electromagnetic radiation

that has optically interacted with the flowing atmo-
spheric air and the ICE; and

generating an output signal corresponding to a character-

istic of the contaminant 1n the flowing atmospheric air.

2. The method of claim 1, wherein the electromagnetic
radiation 1s at least one selected from the group consisting of
infrared radiation, near-infrared radiation, visible light,
ultraviolet light, X-ray radiation, and gamma ray radiation.

3. The method of claim 1, wherein the electromagnetic
radiation 1s provided by at least one of a light bulb, a light
emitting device, a laser, a blackbody, a photonic crystal, an
X-Ray source, and a gamma ray source.

4. The method of claim 1, wherein the contaminant i1s
selected from the group consisting of an aqueous liquid, an
organic liquid, a carbonic acid, a gas, a dry contaminant, a
biological contaminant, and any combination thereof.

5. The method of claim 1, wherein the characteristic of the
contaminant 1s a concentration of the contaminant in the
flowing atmospheric air.

6. A method comprising:

optically interacting electromagnetic radiation with a

flowing atmospheric air composition;

optically interacting the electromagnetic radiation with an

integrated computational element (“ICE”), the ICE

being configured to analyze for a contaminant in the

flowing atmospheric air, and

wherein the ICE 1s located within an air line extending,
from an air compressor;

receiving with a detector the electromagnetic radiation

that has optically interacted with the flowing atmo-
spheric air and the ICE;

generating an output signal corresponding to a concen-

tration of the contaminant 1n the flowing atmospheric
air; and

determining if the concentration of the contaminant 1s

within an acceptable limit range 1n the flowing atmo-
spheric air.

7. The method of claim 6, wherein the electromagnetic
radiation 1s at least one selected from the group consisting of
infrared radiation, near-infrared radiation, visible light,
ultraviolet light, X-ray radiation, and gamma ray radiation.
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8. The method of claim 6, wherein the electromagnetic
radiation 1s provided by at least one of a light bulb, a light
emitting device, a laser, a blackbody, a photonic crystal, an
X-Ray source, and a gamma ray source.

9. The method of claim 6, wherein the contaminant 1s
selected from the group consisting of an aqueous liquid, an
organic liquid, a carbonic acid, a gas, a dry contaminant, a
biological contaminant, and any combination thereof.

10. The method of claim 6, wherein the characteristic of
the contaminant 1s a concentration of the contaminant in the
flowing atmospheric air.

11. A method comprising:

optically 1nteracting electromagnetic radiation with a

flowing atmospheric air and optically interacting the
clectromagnetic radiation with a first integrated com-
putational element (“ICE”), the first ICE configured to
analyze for a first contaminant in the flowing atmo-
spheric air;

optically interacting the electromagnetic radiation with

the flowing atmospheric air and at least a second ICE,

the second ICE configured to analyze for a second

contaminant 1n the flowing atmospheric air, and

wherein the first ICE and the second ICE are located
within an air line extending from an air compressor
and connected to at least one selected from the group
consisting of a tank comprising a powder composi-
tion, a tank comprising a treatment tluid, a clean
room, purification equipment, and any combination
thereof;

recerving with a detector the electromagnetic radiation

that has optically interacted with the flowing atmo-
spheric aitr, the first ICE, and the second ICE; and
generating a first output signal corresponding to a char-
acteristic of the first contaminant 1n the flowing atmo-
spheric air and a second output signal corresponding to
a characteristic of the second contaminant in the flow-
ing atmospheric air, or a combined output signal cor-
responding to a combined characteristic of the first and
second contaminants in the flowing atmospheric air.

12. The method of claim 11, wherein the electromagnetic
radiation 1s at least one selected from the group consisting of
infrared radiation, near-infrared radiation, visible light,
ultraviolet light, X-ray radiation, and gamma ray radiation.

13. The method of claim 11, wherein the electromagnetic
radiation 1s provided by at least one of a light bulb, a light
emitting device, a laser, a blackbody, a photonic crystal, an
X-Ray source, and a gamma ray source.

14. The method of claim 11, wherein the contaminant 1s
selected from the group consisting of an aqueous liquid, an
organic liquid, a carbonic acid, a gas, a dry contaminant, a
biological contaminant, and any combination thereof.

15. The method of claim 11, wherein the characteristic of
the first contaminant 1s a concentration of the first contami-
nant in the flowing atmospheric air and wherein the char-
acteristic of the second contaminant 1s a concentration of the
second contaminant in the flowing atmospheric air, or where
the combined characteristic of the first and second contami-
nants 1s a combined concentration of the first and second
contaminants 1n the flowing atmospheric arr.

16. The method of claim 15, further comprising:

determining 1f the concentration of the first contaminant

in the flowing atmospheric air 1s within a first accept-
able limit range and/or if the concentration of the
second contaminant in the flowing atmospheric air 1s
within a second acceptable limit range, and/or 1f the
concentration of the combined first and second con-
taminants 1s within a combined acceptable limit range.
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17. The method of claim 15, further comprising;

determining 11 the combined concentration of the first and
second contaminants 1n the flowing atmospheric air 1s
within a combined acceptable limit range.
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